ABSTRACT -Background -Literature data have shown high specificity of antiendomysial antibodies (EmA IgA) 
INTRODUCTION
Sensitivity to gluten can be defined as a state of high cellular and humoral immunological response to dietary gluten from wheat, barley, rye and oats. The spectrum consists of celiac disease, dermatitis herpetiformis, recurrent aphthae, nephropathy and arthropathy. Celiac disease (CD) is the most frequent presentation and can occur at any age. According to MARSH (48) , the intestinal mucosa in CD can be "normal" or present changes ranging from mild alterations in mucosal architecture to mucosal atrophy. The number of intraepithelial lymphocytes (IEL) is increased. The gold standard for the diagnosis of this affection continues to be a small bowel biopsy. However, antibody tests are a useful adjunct in deciding whom to biopsy, for screening high risk groups and to control the adherence to a gluten-free diet (53) . Tests looking for circulating antibodies to gliadin (AGA), reticulin (ARA), endomysium (EmA IgA) and more recently for tissue transglutaminase (tTG) have been reported (22, 59) . The use of these tests can result in a dramatic increase in the prevalence of CD because asymptomatic forms can be detected (65) . The sensitivities and specificities of these tests varied from centre to centre but improved with the use of class specific immunoglobulins (IgA) (26) . Antibodies directed against smooth muscle fibers in the muscularis mucosae from primates (antiendomysial antibody -EmA IgA) have been described by CHORZELSKI et al. (15) and are closely related to the reticulin antibody (ARA) described by SEAH et al. (60) in 1971. In 1995, VOLTA et al. (71) , using human umbilical cord instead of monkey's esophagus as substrate, showed the same specificity and sensitivity of EmA IgA in both techniques. These data were then confirmed by BAGNASCO et al. (6) in relatives of patients with CD. After a gluten-free diet, the immunological reactions in the mucosa gradually vanished, antiendomysium antibodies decreased in peripheral blood, disappearing approximately 3 months later. If gluten is ingested, the same immunological phenomenon occurs and the antibodies rise again more quickly than AGA or ARA (43) , and even mucosal lesions can be retarded, although the number of intra-epithelial lymphocytes immediatly rises. Nowadays, EmA IgA and tTG are considered to be the best markers showing high sensitivity and specificity and complete overlap (61) , since endomysial autoantigen was recently identified as tTG (22) . In first-degree relatives of celiac patients antibodies can be detected even when symptoms are absent (5-13%) (67) . The small bowel mucosa can be preserved or exhibit alterations suggesting CD (68) . The same findings can be observed in the normal population, and therefore blood tests should be used for screening for the affection. In conclusion, there are atypical or monosymptomatic presentations of CD and, according to FERGUSON et al. (25) , active, silent, latent and potential forms.
In CD, about 10% to 12% of the patients can exhibit IgA deficiency (16) . This is the reason why total serologic levels of this immunoglobulin are determined to avoid false-negative results in EmA IgA (8, 20) . The aims of the present study were to determine the specificity and sensitivity of EmA IgA antibodies by applying immunofluorescence techniques to Brazilian celiac patients at diagnosis, after a varying period of treatment to confirm the adherence to a gluten-free diet, and as screening in first-degree relatives. Another objective was to compare the findings with those observed in other gastrointestinal diseases and with the normal population from the same geographic area (Southern Brazil).
PATIENTS, MATERIAL AND METHODS

Selection of individuals
A total of 392 individuals from southern Brazil were studied and divided into four groups (Table 1) . 
Diagnosis of celiac disease
The diagnosis of celiac disease was based on the criteria established by the European Society of Pediatric Gastroenterology and Nutrition (ESPGAN) (51) and revised by WALKER-SMITH et al. (72) . The intestinal biopsies were performed with the Crosby-Kugler capsules (College Park Instruments, MD, USA) or with an endoscope (Olympus, Japan) (27, 31, 40) . Histopathological examination was performed by a pathologist who was unaware of the clinical and laboratory findings. The IEL were counted according to FERGUSON and MURRAY (25) . For the healthy Brazilian population from the same geographic area the normal number of IELs per 100 epithelial cells was 24 (24%) (41) . To control the diet, an interview was held by the same physician with questions concerning transgression of the dietary recommendations. Patients with the ingestion of more than 10 mg of gliadin per day were considered 'nonstrict' or 'non-adherent'.
Diagnosis of other gastrointestinal diseases
The diagnosis of the other gastrointestinal diseases was made after completing a protocol prepared for the study of intestinal pathologies. The diagnosis of inflammatory bowel disease (IBD) -Crohn's disease and ulcerative colitis -was made on the basis of radiologic, endoscopic and histological data. The other affections were diagnosed after special examinations based on clinical data.
Serologic studies
Serum samples were taken from all the individuals after they gave informed consent to participate in the study and aliquots were frozen for later examination.
Total serum level of immunoglobulin A was determined in all groups by turbidimetry (63) in order to avoid a false-negative result due to IgA deficiency. IgA deficiency was defined as serum IgA less 5 mg%.
Tests for EmA IgA were performed by an indirect immunofluorescence assay as previously described (44) , using human umbilical cord as substrate. Briefly, the cryostatic tissue sections were mounted and fixed on microscope slides. Serum samples diluted 1/2.5, 1/5 and 1/10 with phosphate-buffered saline were applied to the slides which were incubated for 30 minutes at room temperature. This initial dilution was chosen because no residual staining was seen at this or higher titres. After washing three times with phosphate-buffered saline for 5 minutes, the sections were covered with 1:80 fluorescein-conjugated goat anti-human IgA (Kallestad) for 30 minutes, washed again with phosphate-buffered saline, mounted in alkaline glycerin buffer and examined by fluorescence microscopy (Carl Zeiss) by two different observers. Sera were considered positive if fluorescence was seen at a dilution of 1:2.5 or greater. All positive sera were titrated up to the end point. The highest dilution yielding a positive reaction was reported as the result. Positive and negative controls were used for each batch.
Statistics
Data were analyzed statistically by the chi-square test with 1% and 5% confidence intervals.
RESULTS
Total IgA levels were below normal values in four individuals (two first-degree relatives and two with other gastrointestinal disease). These individuals were EmA IgA negative, and when IgG was used as conjugate EmA continued to be negative. The results of EmA IgA are summarized in Table 2 .
One patient from the normal population (Group I) was EmA IgA positive 1/10, but refused to undergo an intestinal biopsy.
EmA IgA was detected in all the celiac patients at diagnosis (Group II-A) and while on a gluten-containing diet (Group II-C). The antibody titer was widely distributed, ranging from 1:2.5 to 1:80 (Fig. 1) . EmA IgA was negative in all the patients adhering to a gluten-free diet (Group II-B). These findings revealed 100% sensitivity of this test.
Kotze LM da S, Utiyama SR da R, Nisihara RM, Zeni MPB, Sena MG de, Amarante HMS. Antiendomysium antibodies in Brazilian patients with celiac disease and their first-degree relatives Of the 115 first-degree relatives of celiac patients (Group III) 18 (15.65%) were positive, showing statistical significance in relation to the control population (P <0.0001) (Fig. 2) . EmA IgA titers ranged from 1:2.5 to 1:80 in this group (Fig. 1) . Among the positive relatives there were seven mothers (38.88%), four fathers (22.22%), four children (22.22%) and three siblings (16.66%). The female sex predominated. Only seven relatives agreed to an intestinal biopsy (Table 3) : one (EmA IgA 1/80) presented total villous atrophy; one (EmA IgA 1/5) and five (EmA IgA 1/2.5) showed preserved intestinal architeture but presented an increased number of intra-epithelial lymphocytes (mean number, 36%). The normal number reported for a healthy Brazilian population from the same geographic area was 24 IELs per 100 epithelial cells or 24% (41) . Including the celiac group and its relatives, there were three families with two celiac patients (two with twins) and two families with three persons affected.
In all the patients with Crohn's disease, irritable bowel syndrome and other gastrointestinal diseases, EmA IgA was negative (Group IV). One patient with ulcerative colitis (positive for EmA IgA 1/80) had epilepsy and Down's syndrome and an intestinal biopsy revealed celiac disease with total villous atrophy.
Considering one positive individual in Group I and one in Group IV, the specificity of EmA IgA can be estimated at 99.3%. 
DISCUSSION
The South region of Brazil was settled mainly by Europeans and presents a high degree of ethnic admixture. Thus the diseases described in this geographic area are very similar to those described in developed countries even considering variations determined by environmental factors. KOTZE and FERREIRA (39) , in 1977 reported 76% of celiac patients with HLA B8 and 6% in the healthy population, but the real prevalence of CD in this part of the country must be higher than the data previously reported (7, 42) . In the present study, only one person in the control group presented EmA IgA positive 1/10, but without a biopsy there were no sufficient criteria to establish the diagnosis of CD or to indicate a lifelong gluten-free diet. We believe that a diagnostic trial of gluten restriction in lieu of a biopsy can never be justified (27) .
Patients
In the present study there was a prevalence of female patients, in agreement with data reported for different countries (56) . The mean age of the celiac patients at diagnosis (40.6-Group II-A) was higher than the mean age of the other groups (29.1 for Group II-B and 26.5 for Group II-C), but the difference was nonsignificant. We call attention to the fact that the diagnosis of CD was performed in 66 year old persons, thus showing that CD can be found at any age. HANKEY and HOLMES (34) showed that 19% of the adult celiac patients studied were diagnosed after the age of 60. Although the majority presented new gastrointestinal complaints, many had been seen in several clinics for these symptoms and received a variety of diagnoses, including irritable bowel syndrome and colitis. These data are similar to our findings.
The reason for studying children above 2 years of age was that EmA IgA can appear after the second year of life. It has been suggested that the sensitivity of EmA IgA may be age-dependent (11) . In this experience only two children were above 2 years of age: one from the control group and one with chronic diarrhea after gastroenteritis. For children aged less than 2 years AGA IgA can be a better marker (4, 58) .
IgA deficiency
IgA deficiency is defined as serum IgA less than 5 mg%. IgA deficiency is approximately 10 times more common in people with CD than in the general population. Several investigators recommend routine checking for IgA deficiency in laboratories that perform CD serology (13, 20) because EmA IgA will be falsely negative in IgA-deficient individuals (30, 57) . Current serologic assays used for the diagnosis of CD are highly sensitive and highly specific, especially when using IgArather than IgG-based antibody tests, but IgA-deficient CD patients can exhibit IgG-class EmA (8) . In this study, four individuals were considered IgA deficient and remained negative with IgG class EmA.
LOCK and UNSWORTH (45) reported that checking all routine samples for IgA deficiency seems excessive and more likely to identify non-CD cases with low IgA and suggested that patients with hightitre IgG AGA but no EmA IgA positivity can be checked for IgA deficiency.
Considerations about EmA
Human umbilical cord is an excellent substitute for monkey's esophagus to determine endomysial antibodies in CD diagnosis (6, 37) . Monkey's esophagus is ethically questionable for large scale screening (71) . The endomysial antibody has been found to have a greater specificity and sensitivity (15, 33) . Some authors stated that it has never been found in healthy controls or in other gastrointestinal diseases, including ulcerative colitis and Crohn's disease (33, 36) . In the present study, a patient with ulcerative colitis was EmA IgA positive 1/80 but presented Down's syndrome and epilepsy. After intestinal biopsy total villous atrophy was shown and the diagnosis of CD could be confirmed. These associations have also been described by other authors (17, 28) . The effect of a gluten-free diet can be monitored by means of serological tests and a positive test result often indicates gluten ingestion (46) . In Group II-B consisting of celiac patients adhering to a gluten-free diet, EmA IgA was negative in all, thus supporting the use of this test to control the diet. TRONCONE et al. (64) called attention to slight dietary transgressions and a negative test, mainly in adolescents. Our results show that EmA was 100% positive for untreated patients and for celiacs non-adhering to the diet and disagree with those reported by McMILLAN et al. (50) who found that 89% of their patients with untreated celiac disease had a positive EmA measured by immunofluorescence. However, FERREIRA et al. (26) showed 100% positivity to EmA for untreated celiac disease in a predominantly adult population similar to that studied here. The data of our study are in agreement with several authors from different countries, as can be seen in Table 4 (3, 10, 12, 14, 19, 23, 26, 32, 33, 49, 55, 66, 70) . The most effective test for the diagnosis of active CD was the assessment of antiendomysium antibodies (12) . We may conclude that celiac patients with gluten in their diets presented active disease, although they reported few or no symptoms. Since these antibodies are highly sensitive and specific, we regard their use as a confirmatory test to assess the indication of an intestinal biopsy.
Titer variaton
Nearly all individuals with persistent gluten intolerance produce antibodies at some time, but they show a wide individual variation as regards time, type and quantities of the antibodies they produce (11) . This fact can explain the different titers encountered by different authors and in this study (Fig. 1) . There was no difference in the prevalence of these antibodies between men and women or according to patient age, validating the present data. The EmA IgA titers have been shown to correlate with the severity of the mucosal abnormalities (26) .
Time of gluten comsumption
In this study, the patients had been under treatment for more than one year, with recommendation of gluten restriction. Time of gluten comsumption is an important factor, as demonstrated by CALABUIG et al. (12) , in Spain: when the time was less than 6 months the EmA IgA test was positive in 83% of cases and when the time was more than 6 month, it was positive in 100%. Our data showed 100% negativity for EmA after 1 to 27 years of adherence to a gluten-free diet (Group II-B) and 100% positivity for nonadherence (Group II-C). The difference in titers (Fig. 1) can be attributed to the duration of gluten consumption, in line with the kinetic characteristics of the antibody following gluten challenge, as reported by KAPUSCINSKA et al. (36) . FEIGHERY et al. (23) suggested that continued gluten exposure rather than tissue damage is the determining factor in the generation of EmA.
Relatives
Family members of CD patients are at increased risk for CD (5%-13%) depending on the screening procedure (Table 5) (6, 18, 43, 52, 56, 73) . In this study we found EmA IgA positivity in 15.65% (18 of 115 relatives from 39 families). There was a predominance of parents (11: 7 mothers and 4 fathers), followed by 4 children (2 sons and 1 daughter) and 3 siblings (2 females and 1 male). VITORIA et al. (69) called greater attention to siblings of celiac patients. As three families presented Kotze Kotze LM da S, Utiyama SR da R, Nisihara RM, Zeni MPB, Sena MG de, Amarante HMS. Antiendomysium antibodies in Brazilian patients with celiac disease and their first-degree relatives two affected persons (two twins) and two families with three members were positive, we could demonstrate a familial predisposition with genetic implications, reinforcing the findings of KORPONAY-SZABÓ et al. (38) who found multiple cases in the same families. As these antibodies offer great sensitivity and specificity, we regard them as a confirmatory test for assessing the indication of an intestinal biopsy. Only seven relatives agreed to undergo an intestinal biopsy (Table 3) . Most relatives fear the procedure of small bowel biopsy and some may even be intimidated by medical examination. The refusal to undergo this procedure was also reported by other authors (6, 73) . Of the patients studied by MARSH et al. (47) , one presented total villous atrophy and EmA IgA 1/80, and 6 with low titers had preserved the mucosal architecture, but with higher IEL number. ARRANZ and FERGUSON (2) demonstrated that a celiac-like intestinal antibody pattern and a high IEL count may be markers of latent gluten-sensitive enteropathy. Even so it was not possible to prove that the IEL were gamma/delta T cells considered to be an important marker for CD (1) . These findings also confirm data reported by FERREIRA et al. (26) who showed a correlation between EmA IgA titers and mucosal alterations.
In Brazil, this is the first study aimed at detecting EmA IgA in CD in relation to the healthy population and for a differential diagnosis with other gastrointestinal diseases. Likewise, it is the first to report about EmA IgA in relatives of celiac patients (15.65%). NUNES et al. (54) reported 5.8% positivity for antigliadin antibodies (AGA IgA) in another region, but our percentage was greater, probably because of a more accurate test. In another region of Brazil, GANDOLFI et al. (29) reported 1.0% of blood donors positive for EmA IgA. Today, according to ASCHER et al. (4) , for screening unselected populations with a low prevalence of the disease, in which a test with maximum specificity is desired, antiendomysium antibodies have a sufficiently high predictive value to be of practical use. Future research will clarify the pathogenesis of this intriguing affection and perhaps simpler tests will be of help in the diagnosis and control of the diet, with implications in the prevention of the malignancy (35, 62) .
CONCLUSIONS
In this study, EmA IgA showed 99.3% specificity and 100% sensitivity, indicating the usefulness of the test for detecting glutensensitive enteropathy as a differential diagnosis of gastrointestinal disease, in relatives of celiac patients and for monitoring dietary treatment in patients with CD. The use of human umbilical cord as a substrate is ethical (5, 71) . Serological tests can be of help to identify CD in primary care (21) and, as they are not an invasive method, they can avoid multiple small bowel biopsies. 
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